Suiomnary. The incorporatioii of the radioactivity from acetate-1-'4C, acetate-2-14C, DL-methioinine-1-14C, DL-methionine-2-14C, DL-methionine-3,4-'4C, DL-homomethionine-2-I4C, DL-allyl-glycine-2-14C, and DL-2-amino-5-hydrox\-valerate-2-1'C illto the aglycones of progoitrin, gluiconapin, and glucobrassicanapin of matuiring rape plants (Brassic( iiipcstris L. ) wxvas invest:gated. Radioactfivit from DL-methionline-2-4C, DL-methi onine-3,4-_4C, DL-homomethionine-2-4C, and acetate-2-ltC were incorporated into the 3 major thiogluicosides. The other organic compounds x\vere poorly incorporated -xcept for DL-allylglycine-2-14C into glutcobrassicanapin. The resuilts obtained stuggest tha,t the rape plant can synthesize amino acids by the condeinsation of acetate (as acetyl CoA) to a-kketo acids to yield a homologtue o,f the original amino acid. These newvly formed amiino acids are then employed to synthesize the 3 major thioglticosides.
The present status of thiogltucoside biosynthesis indicates that the aglycone in many cases is derived from amino acids, e.g., allyl isothiocyanate from methioniine and homomethionine (2, 3, 8) , benzyl isothiocyanate from phenylalanine (1, 14) , /-phenylethyl isothiocyanate (12) and (-) -5-phenyl-2-oxazolidinethione (13) from y-phenylbuityrine. However, Kindl (4, 5) fotund that p-cotimaric acid is a more efficient precuirsor of P-hydroxybenzyl isothiocyanate than either phenylalanine or tyrosine.
The major thioglucosides (f:g 2) in rapeseed are gltuconapin (I), glucobrassicanapin (II), and progoitrin (III). Enzymic hydrolysis yields, besides gltucose and sulfate, 3 -buiitenyl isothiocvanate and 4-pentenyl isothiocyanate from I and II respectively and (-)-5-vinyl-2-oxazol;dinethione from III. Recently Tapper and MacG:bbon (11) have reported the presence of (-)-5-allyl-2-oxazolidinethione in variouis species of Brassica including B. cam7pestris L. However, the quantity is so small that it has been ignored in this paper. This paper (leals with the biosyntheses of the aglycones of these major thiogltucosi,des. The degree of incorporation of several 14C-labeled compounds is discussed as well as the possil)le significance of the resuilts. (17) . The distillate was trapped in 10 ml of concentrated NH40H, boiled for 2 hours and then evaporated to dryness to yield substituted thioureas. The aqueous residue was extracted with diethyl ether and the latter was then back-extracted with 2 N NaOH. The alkaline extract was neutralized with CO2 and once again extracted with diethyl other. The (-)-5-vinyl-2-oxazolidinethione was determined (18) in the final ether extraotion.
Materials and Methods

Plant
3-Butenylthiourea and 4-pentenylthiourea were separated by paper chromatography. The substituted thioureas (fig 1) were dissolved in a minimum of water and applied to Whatman No. 3 MM filter paper. The paper was developed in chloroform saturated with water (7). The 2 thioureas, which were completely separated, were extracted from the paper with ethanol and estimated quantitatively by RADIOACTIVE (16) and then analyzed for 14C in a vibrating reed electrometer (Dynacon, Nuclear-Chicago).
Results and Discussion
The incorporation of 14C-labeled acetate and am!ino acids into .!he aglycones of the thiogluicosides in rape are presented in table I. The resuilts show that carbon-2 of homomethionine was more effectively incorporated into (-) -5-vinvl -2-oxazolidinethione (derived from progoitrin), 3-buitenylthiotirea (from gluconapin), and 4-pentenylthiotirea (from glucobrassicanapin) than were carbons-2, -3, and -4 of methlionine. The labeled carbons from homomethionine and methioniine (except carboxyl-labeled) are incoriporated more readily into 3-hultenylthiourea and 4-pentenylthiouirea than into (-)-5-vinyl-2-oxazolidinethione. Carbon-2 of acetate-2-14C is allso incorporated into the aglycone buit less efficiently than 14C from methionine and homomethionine. The radioactivity from methionine-l-"-C, acetate-l-l 4C, allylglycine-2-14C (except for 4-pentenyl,th!iourea) and 2-amino-5-hydroxyvalerate-2-14C are poorly incorporated into the aglycones of rape thioglucosides.
The data presented in (fig 2) . The formation of the amino aci(l involves a chain-lengthening siimilar to the one reported for the biosynthesis of leuicine from valine (9) . In the present study the incorporation of carbons-2, -3, and -4 of methionine and carbon-2 of acetate into thioglucosides of rape lends support to the chain-lengthening mechanism. Homomethionine (V, see fig 2) would be the first amino acid to be formed from methionine (IV) by this scheme and the more efficient incorporation of the former into the aglycones of the thiogluicosides (table I) lends support to the scheme. Recent biosynthetic work (3, 8) xvith horseradish also demonstrates that this scheme is operating. In these investigations it was established that homomethionine is a precursor of sinigrin, a lower homologute of the rape thioglticoside series (I, and II), and that the amino acid was derived from methioniine and acetate.
If the chain-lengthening process is operating as suggested there shoutld be a difference in the incorporation of carbon-14 from acetate-2-14C when the agly cones of gluconapin (I), and progoitrin (III) and glucobrassicanapin (II) are compared.
Since 1 carbon is added to form 2-amino-7-(methylthio) heptanoic acid (VII) from 2-amiino-6-(methylthio) caproic acid (VI), the carbon-14 content from acetate-2-'4C should be higher in II than in either I or III. The data in table I demonstraites that this was the case, the percenst incorporation inlto 4-pentenylthiourea (derived from II) was abouit twice that of 3-buitenylthiotirea (from I). The incor- Methionine-2-14C
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Acetate-1-14C poration of radioactivity from aceta'te-2-14C into (-)-5-vinyl-2-oxazollidinethione was lower which may be due to additional steps required to introduce the hydroxyl group. The incorporation of carbon-14 from methionine-1-l'C is low because this carbon is lost by decarboxylation as shown previously (15). The low incorporation o,f carbon-14 into the thioglucosides of rape from allylglycine-2-14C and 2-amino-5-hydroxyvalerate-2-14C was in agreemenit with observations made by Chisholm and Wetter (3) and by Matuso and Yamazaki (8) when investigating the biosynthesis of sinigrin. However, the incorporation of carbon-14 into glucobrassicanapin from allyl'glycine-2-l'C was unexpected. Since the distribution of radioactivity in the aglycone could not be determined, any attempt to elucidate the mechanism of its incorporation would be difficult.
There is no doubt that the methyl carbon of acetate is incorporated, while the carboxyl carbon is not. The mechanism appears to be an addition of acetate (as acetyl CoA) to the carbonyl carbon of an a-keto acid. Matsuo and Yamazaki (8) suggested that the intermmediate may be malonyl CoA rather than acetyl CoA. Recently Kindl and Wetter (6) , working with cell-free preparations obtained from watercress (Nasturtint officinale R. Br.) have shown that acetyl CoA is added to phenylpyruvic acid giving rise to benzylipyruvic acid. Iit would appear, therefore, that acetyl-and perhaps malonyl CoA are involved in this reaction. The work of Kindl and Wetter (6) suggests that the enzymes are widespread in the plant kingdom. Strassman and Ceci (10) also noted that this type of reaction occurs in yeast and bacteria and may be viewed as a general type of enzyme reaction.
